Seven highly trained subjects underwent exercise dehydration without fluid replacement (X), resulting in -1.9% and -3.5% body weight (fluid) losses at one and two hours, respectively. Subsequently, subjects underwent two identical exercise trials with isovolumetric fluid replacement of water (W) and an experimental formulation (Q). An antidehydration schedule was initiated prior to, and continued throughout the exercise, with W and Q supplied every 15 minutes at 160C in volumes related to each subject's fluid loss estimate derived from trial X. A rehydration schedule was maintained for two hours of recovery, with total fluid replacement equivalent to the body weight decrement due to fluid losses.
INTRODUCTION Dehydration Studies
Dehydration produced by diuresis induces physiological intolerance to heat and exercise, resulting from a reduction in plasma volume (Claremont et al, 1976) . Likewise, exercise and thermal dehydration induce similar reductions in plasma volume as well as increased plasma osmolality and the magnitude of plasma volume and plasma osmolality changes is related to exercise intensity and duration .
Total body fluid losses during exercise in the heat result from relative shifts in the distribution of fluids from both the intra-cellular and extra-cellular compartments (Costill, Cote and Fink, 1976) . Moreover, plasma water and muscle water decreases during exercise and thermal dehydration are related to percentage decreases in body weight .
Plasma electrolyte concentrations remain unchanged or become elevated during dehydration states, while intracellular concentration of some electrolytes increase in proportion to the severity of dehydration . However, while human perspiration may be considered as a filtrate of plasma (Costill, 1979) the precise composition of which may vary according to whether produced by exercise or thermal factors (Pilardeau et al, 1979 ) the physiological significance of electrolyte losses in perspiration during exercise may be considered of secondary importance to body water losses (Costill, 1979) . (Costill, Kammer and Fisher, 1970) . Furthermore, rapid fluid replacement following thermal dehydration, has a favourable effect on cardiovascular response to exercise, but it may not restore plasma volume or serum osmolality to pre-dehydration values (Costill and Sparks, 1973) .
Rehydration with water or glucose-mineral solutions may prevent the increase in sodium and chloride concentrations in plasma during exercise (Costill et al, 1970) and minimise the decline of these electrolytes during recovery from prolonged exercise (Costill and Sparks, 1973) . Furthermore, the rehydration properties of fluids, in terms of maximisation of gastric emptying, appear to be enhanced if the solutions used are relatively dilute (Costill and Saltin, 1974; Foster, Costill and Fink, 1980) . However, the addition of electrolytes to fluids following repeated dehydration on successive days appears to have minimal value when ad libitum access to food and drink is available (Costill et al, 1975) .
METHODS

Field Trial
Prior to undertaking the laboratory trials, a field trial study was conducted, in order to provide information concerning the relative fluid demands placed upon racing cyclists during actual event conditions. The findings of a medium-distance cycle road race are presented in Table   1 .
The environmental conditions under which the race took place may be considered "ideal" for a cycle road race, in that temperature, humidity and windspeed were not likely to have adversely affected performance. The event, which took place on an undulating, enclosed circuit, attracted top category riders and was completed at an average speed of -42 kmhW1 and, thus, could be considered as representative of the standards achieved by elite cycling endurance performers in the United Kingdom. The findings of the field trial may be summarised as follows:-(i) Body weight losses incurred averaged 3.25% in the group selected for study (N = 7).
(ii) Relatively low volumes of fluid were ingested during the race, even though fluid was freely available.
Additionally, further observations upon the group revealed:
(iii) A disparity between individual competitor's pre-race estimates of fluid intake and volumes actually ingested. (iv) An absence of a relationship between fluid intake volume and finishing position. (v) Little or no fluid intake in two competitors who retired early with symptoms of heat distress.
It was concluded from the findings that relatively large body weight (fluid) losses may be incurred as a result of competition, even during environmental conditions which are not oppressive. Indeed, fluid losses appeared to be in the order of experimentally produced conditions which have been shown to impair thermoregulatory function, as well as cardiorespiratory performance (see review of literature).
Subjects
The general characteristics of the seven subjects, who underwent the dehydration/rehydration trial tests, are presented in Table II . The data, which were collected using standardised human performance laboratory techniques, are typical of elite highly-trained endurance performance athletes who characteristically show low body fat content, enhanced lung function, a normal haematological profile and an enhanced capacity for (Firth, 1981) 3. The replacement phase consisted of a three hour recovery period when the subjects rested in a reclining position, with all relevant data collected at 1/2, 1, 2 and 3 hours following the exercise. Treatments As a necessary pre-condition, treatment X (no fluid) was applied initially in all subjects and specified as the dehydration trial. During this trial, an attempt was made to reduce each subject's body weight, via fluid losses, by -2% and -4%, after one and two hours of exercise, respectively. The purpose of this approach was to determine each individual's fluid loss capability, in order to devise a suitable fluid replacement schedule for the subsequent W and Q treatments, and to establish the level of work load required to establish fluid losses in the order of -2% and -4% of each subject's body weight, in order that such work loads could be replicated in the anti-dehydration schedules developed for the W (water) and Q (experimental fluid) treatments. period. The total volume supplied was equivalent to each subject's fluid (weight) loss estimate obtained from the dehydration trial X (2.30 kg ± 0.51; 2,300 ml ± 81), in 18 equal volumes served from previously prepared thermos flasks at a cold tap water temperature of 160C.
Whereas treatment X was applied initially, treatments W and Q were applied randomly to all subjects in an attempt to remove any order effects from the experimental results. The composition of the experimental drink is presented in Table Ill . (Firth, 1981) which incorporated each subject's own road racing cycle, fitted with a "Racermate" wind load simulator mounted upon a set of steel cycle training rollers which has been described elsewhere (White et al, 1982) .
The work loads selected for the duration of each experiment consisted of moderate to high intensity exercise which demanded -67% of each subject's previously-determined maximum aerobic power (V02 max) established during the pre-trial tests. Standardised work loads based upon each subject's average power output established during the no treatment (X) trial, were replicated during each of the two fluid treatment (W and Q) trials. The intensity of work selected was commensurate with levels utilised in other studies cited in the literature which have been demonstrated to elicit exercise dehydration levels in the order of -4% body weight loss over a two hour period in highly trained experimental subjects.
Physiological Analyses Cardiovascular indices of work were established by determination of heart rate, systolic blood pressure and rate/pressure product. Heart rates (b.minf1) were measured by an automated bipolar cardiometer. Systolic blood pressure (mmHg) was recorded by the standard auscultatory technique, using a stethoscope and manual sphygmomanometer. The rate/pressure index of work was established as the product of heart rate (b.minr1 ) and systolic blood pressure (mmHg) The results observed from data collected during the field trial study indicated that, even during relatively moderate environmental conditions, medium distance road race cycling produced significant body weight (fluid) loss, which has been shown to be associated with physiological intolerance to work demands (Claremont et al, 1976) . The implications of this finding become most important since most of the road race cyclists involved in the study were found to be relatively unaware of the importance of fluid intake practices, during training and racing, in terms of minimising cardiorespiratory and thermo-regulatory disturbances associated with prolonged, moderate to high intensity activity. Since feeding practices in road race cycling have traditionally concentrated upon the intake of solids, primarily high carbohydrate foodstuffs, in order to overcome the low point of working capability known as the "bonk", it was concluded that feeding protocols need to be reviewed in terms of the importance of fluid administration in the prevention of relative states of dehydration and heat distress.
Dehydration/Rehydration Trials
The physiological demand of exercise associated with the dehydration trial (X) was significantly greater than that of the anti-dehydration trials (W and Q) in terms of the level of absolute cardiovascular, respiratory and body temperature responses to the standardised work task, therefore, trial X was representative of the field trial condition. The dehydration trial produced relative physiological intolerance to the work demand, whilst the rehydration trials minimised this effect during exercise (Claremont et al, 1976; Costill et al, 1970) , with a more rapid return to pre-exercise states during the immediate recovery period. However, whilst there were no statistically significant differences between the W and Q fluid treatments, nevertheless, there was a tendency for the most consistent beneficial effect to be associated with treatment Q.
Similarly, the changes in plasma variable responses favoured the W and Q fluid treatments in comparison with the no fluid treatment condition, which characteristically resulted in changes in plasma volume, plasma osmolality and electrolyte disturbances reported in other studies Costill et al, 1976) . Likewise, the magnitude of changes in plasma volume and plasma osmolality during exercise associated with fluid treatments were similar to those reported in other work (Costill and Sparks, 1973) along with the trend towards the restoration of these parameters during the recovery period (Costill and Sparks, 1973) . Furthermore, plasma electrolyte (sodium, chloride and calcium) increases, during exercise observed in the dehydration trials, were minimised during fluid treatments W and Q, in accordance with other findings (Costill et al, 1970) with a return of these parameters closer to resting values observed during the recovery period. However, the physiological significance to these electrolyte changes during exercise should be considered as secondary importance to the fluid losses incurred (Costill, 1979) .
It was concluded that, with the exception of the obvious carbohydrate loading capability of treatment Q at the dilution used in the rehydration trial, there were only marginal benefits to be gained over using water in terms of the maintenance of plasma volume, plasma osmolality and plasma electrolyte balance close to homeostatic levels. However, this finding must be weighed against the replacement of relatively large fluid volumes to offset pre-determined weight loss estimates, in terms of the purely subjective difficulty of the provision of an "acceptable" form of fluid. Thus, consideration of the palatability and gastric acceptance qualities of the respective fluid treatments must be considered in the selection of an appropriate fluid medium.
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